Abstract
INTRODUCTION
Gastric carcinoma (GC) is one of the most common malignant tumors worldwide, which ranks the first in frequency among human cancer in China [1] . However, the molecular mechanism underlying GC are currently unknown. Some genes may play a significant role in carcinogenesis, such as p53, bcl-2, bax, and c-myc [2] [3] [4] . However, these genetic changes do not precisely reflect the biological nature of tumor cells or the clinical characteristics of GC patients.
Tumor development and progression involves a cascade of genetic alterations. Techniques frequently used to study gene expression alterations, such as Reverse Transcription Polymerase Chain Reaction (RT-PCR), Differential Display Polymerase Chain Reaction (DD-PCR) and Northern blot analysis, have their limitations: some need large amounts of RNA, others are time-consuming and can only study a small number of genes simultaneously. Hence, analysis of expression profiles of a large number of genes in clinical GC material is an essential step toward clarifying the detailed mechanisms of carcinogenesis and discovering target molecules for the development of novel therapeutic drugs.
The cDNA microarray technology, which has recently undergone rapid development, enables investigators to study the gene expression profile and gene activation of thousands of genes and sequences [5, 6] . This technique allows the largescale comparison of multiple genes in a single hybridization and has been used successfully to explore the gene expression profile of various carcinomas and diseases [7] [8] [9] [10] [11] . In this study, we used cDNA expression microarray technology containing 588 genes related to carcinoma to analyze genes that are differentially expressed in human GC and normal gastric epithelial tissues. This large body of information not only furthers our understanding of the mechanism of carcinogenesis but also reveals novel features of known genes and identifies potential candidates for GC diagnosis and therapy.
MATERIALS AND METHODS

Tissues and specimens
Sixteen pairs of GC and corresponding noncancerous gastric epithelial tissue were obtained with informed consent from patients who underwent gastrectomy at the First Clinical College of Harbin Medical University and Cancer Hospital of Chinese Academy of Medical Science. Tumor tissue was dissected from the resected specimen. The normal tissue block was taken from the distal resection margin. The specimens were immediately frozen in liquid nitrogen. Histopathological classification was performed by a single pathologist.
RNA isolation and purification
Total RNA were obtained by extracting frozen tissues in Trizol (Life Technologies Inc., Gaitherbur, MD, USA) according to the manufacturer's instructions. Normal gastric epithelial tissue and GC tissue were morsellated and homogenized in Trizol solution (1ml/100mg). Homogenates were incubated for 15 min on ice, and then a 1/5 volume of choloform was added to the homogenates. After vigorous agitation for 5 min, the inorganic phase was separated by centrifugation at 12000×g for 20 min at 4 ºC. RNA were then precipitated in the presence of 1 volume of isopropanol and centrifuged at 10 000×g for 15 min at 4 ºC. RNA pellets were washed with 70 % ice-cold ethanol and then dissolved in diethyl pyrocarbonate (DEPC) -treated H 2 O. Total RNA concentration and quantity was assessed by absorbency at 260nm using an Nucleic Acid and Protein Analyzer (BECKMAN 470, USA).
cDNA microarray membrane
Atlas Human Cancer cDNA Expression Array (7742-1) was purchased from Clontech Laboratories Inc(Palo Alto, USA). The membrane contained 10ng of each gene-specific cDNA from 588 known genes and 9 housekeeping genes( Figure 1A ). Several plasmid and bacteriophage DNAs and blank spots are also included as negative and blank controls to confirm hybridization specificity. The cancer-related genes analyzed in this study are divided into six groups: (A)cell cycle regulators, growth regulators intermediate filament markers; (B) apoptosis, oncogenes, and tumor suppressors; (C) DNA damage response/repair and recombination; cell fate and development; and receptors; (D) cell adhesion and motility; and angiogenesis; (E) invasion regulators and cell-cell interactions; (F) growth factors and cytokines. A complete list of the 588 genes with the array positions and GeneBank accession number spotted on the array is available at Clontech's web site (http://www.clontech.com).
cDNA synthesis , labeling and purification Total RNA was reverse-transcribed into cDNA and labeled with α-32 P dCTP using Superscript TM Preamplification system for First Strand cDNA Synthesis (Life Technologies, Gaithersburg, MD, USA). Before labeling, 5 µg total RNA of each type was treated with 2 µl DNase I (10 µnits/µl, Boehringer Mannheim, Mannheim, Germany), 1 µl RNasin (40 µnits/µl, Promega, Madison, WI, USA) at 37 for 15 min to remove contaminated DNA. For each labeling, the treated 5 µg total RNA was raised in volume to 6 µl with diethyl pyrocarbonate (DEPC)-treated H 2 O and first incubated with 4 ul oligo dT (0.5 µg/µl, Life Technologies, Gaithersburg, MD, USA) at 70 for 10 min. Then, 6 µl 5× first strand reaction buffer, 1 µl 0.1 M DTT (Life Technologies, Gaithersburg, MD, USA), 1.5 µl dNTP mixture containing dATP, dGTP, dTTP at 20 µM (Promega, Madison, WI, USA), 10 µl α-32 P dCTP (10 µCi/µl, NEN Life Science, Boston, MA, USA) and 1.5 µl SuperScript II reverse transcriptase (200 µnits/µl, Life Technologies, Gaithersburg, MD, USA) were added and incubated at 37 for 90 min. The labeled first strand cDNA probes were purified by Spin 200 column (Clontech, Palo Alto, CA, USA) to remove the unincorporated nucleotides. After purification, labeled cDNAs were denatured in a boiling water bath for 3 min before use.
Membrane hybridization and exposure
Five milliliters ExpressHyb hybridization solution (Clontech, Palo Alto, CA, USA ) and 5 µg Cot-1 DNA (Life Technologies, Gaithersburg, MD, USA) were added to the tube containing Atlas human cancer cDNA expression array, which were prehybridized at 68 for 2 h. Then different incubated probes were added to different tubes and hybridization was performed at 68 for 18 h in rolling bottles. The membranes were washed twice at 68 in 2 × SSC, 0.1 % SDS for 20 min, once at 50 in 1 × SSC, 0.5 % SDS for 20 min , once at room temperature in 0.5 × SSC, 1% SDS for 20 min and 0.5 × SSC10 min. Membrane were then exposed to X-ray films (Fuji Films, Tokyo, Japan ) at -70 for 24-48 h.
Images and analysis
The images were scanned with Fluor-S MultiImager (Bio-Rad, Hercules, CA, USA) and saved as TIFF format files. The TIFF images were imported into the AtlasImage analysis software Version 1.01 a (Clontech, Palo Alto, CA, USA) and analyzed step by step with the guide. Housekeeping gene Ubiquitin was selected for normalization, because its expression was constant in cancer array hybridization system. Then the normalized intensity of each spot representing a unique gene expression level was acquired. Genes were considered to be up-regulated when the intensity ratio was 1.5 and the difference was 10 000 between the expressions of GC tissues and normal gastric tissues.
RESULTS
Using a cDNA expression microarray technique we established the expression profile of 588 genes, selected from different areas of cancer research, in human GC and normal gastric tissue ( Figure 1B, 1C) . No signals were visible in the blank spots and negative control spots indicating that the Atlas human cancer array hybridization was highly specific. The housekeeping genes' density were very similar at the same time which indicate that the results were credible ( Figure 1B,1C) . We used the housekeeping gene, Ubiquitin, to normalize the intensities. The color image of the difference between GC and normal gastric tissue was produced by AtlasImage array software ( Figure 1D ) . The comparison results analyzed by AtlasImage software showed that there were 63 genes altered, 8 were up-regulated and 55 down-regulated in GC versus normal gastric tissue, using the criteria that the ratio was=1.5 or the difference was=10 000 (Table 1 ). There were pronounced differences in the gene expression profile between the two tissues.
DISCUSSION
In this study, we have explored the gene expression profiles in human GC and adjacent noncancerous normal gastric tissues using Atlas human cancer array which contains 588 genes that were classified according to their function to be relevant for cancer. cDNA array technology is used to examine simultaneously the expression of specific genes on a single hybridization. Although human genome projects have generated large-scale sequence data for millions of genes, the biological functions of such genes remain to be clarified. It is very important to define differential gene expression profiles of tumors and normal tissues before understanding the functional significance of specific gene products. Although expression analysis techniques such as Differential Display Polymerase Chain Reaction (DD-PCR), northern blot, and serial analysis of gene expression (SAGE) and RT-PCR have been widely used in the past, these studies are time-consuming and can only be used to deal with a limited number of genes. The microarray technique was first reported in 1995 by Schena et al [5] and allows the simultaneous parallel expression analysis of thousands of genes . There is considerable interest in the potential application of cDNA microarray analysis for gene expression profiles in human cancers [12] . Such information might be useful for tumor classification, for elucidation of key factor in tumors and for the identification of genes which might be useful for diagnostic purposes or as therapeutic targets [13] [14] [15] . The Atlas Human cDNA Expression system provides a convenient and quick method for simultaneously profiling the expression of 588 genes related to cancer at the same time.
Among the genes showing differential expression in human GC, compared with the adjacent normal gastric tissue, several different classes of genes were up-regulated. Cytokeratin 1 (CK1), which is an intermediate filament protein, has a 2.7-fold up-regulation. The cytokeratins assembly in vivo, with obligatory heterologous dimeric combinations of different cytokeratins from each of the two major groups, comprising together more than 20 different individual cytokeratins. The keratin polypeptide expression common to all melanoma cells include K1 protein expression. A measure of keratin expression universality in malignant melanoma cells may have implications regarding their invasive and metastatic behaviors [16] . However it has never been reported in GC. Sky is a member of a subfamily of related receptor tyrosine kinases. Sky may function as a cell adhesion molecule and mediate cell-to-cell or cell-matrix interactions between hematopoietic cells and their respective microenvironments [17] . CD9 belongs to the tetraspanin superfamily of cell-surface proteins that span the membrane four times, forming two extracellular loops [18] . A low CD9 expression by tumors of the lung may be associated with poor prognosis [19] . Although the expression of CD9 was markedly down-regulated in basal cell carcinoma [20] , it was up-regulated in GC. CD9 was found to be useful for prognosis of patients with colorectal cancer [21] or pancreatic cancer [22] . CD9 gene is a useful indicator of a poor prognosis in breast cancer patients [23] . Matrix metalloproteinases (MMPs) are members of a multigene family of zinc-and calcium-dependent enzymes involved in the degradation of numerous extracellular matrix (ECM) components [24, 25] . MMP-2 and MT3-MMP were upregulated in GC. MMP-2 may initiate and promote angiogenesis [26] and is considered to play a critical role in cell migration and invasion [27] . It is also thought to play an important role in tumour progression [28] . It has been reported that some kinds of malignant tumor tissues, including lung and stomach carcinomas, contain activated MMP-2 [29] . MT3-MMP plays a role in extracellular matrix (ECM) turnover by activating proMMP-2 and also by acting directly on ECM macromolecules [30] . As described above, numerous genes were up-regulated, however more genes were down-regulated. Caspases are essential components of the mammalian cell death machinery. Caspase-8,9 and 10 were all down-regulated in GC. Caspase-9 is the member of the apoptotic protease cascade that is triggered by cytochrome c and dATP [31] . Caspase-9 in the presence of cytochrome c and dATP can form an initiating complex for an apoptotic protease cascade [32] . Activated caspase-9 in turn cleaves and activates caspase-3, -6 and -7 zymogens [33] . Activation of the above caspases is blocked by a dominant negative form of caspase-9 [32] . The Fas/APO-1-receptor associated cysteine protease Mch5 (caspase-8), a member of the interleukin-1beta-converting enzyme family, is believed to be the enzyme responsible for activating a protease cascade after Fas-receptor ligation, leading to cell death [34, 35] . A total of eight different isoforms of caspase-8 have been described. Only two of the caspase-8 isoforms (caspase-8/a and caspase-8/b) were predominantly expressed in cells of different origin. Both isoforms were recruited to the CD95 death-inducing signaling complex and were activated upon CD95 stimulation with similar kinetics [36] . Caspase-10 is involved in CD95 and p55 signal transduction. Caspase-10 is recruited to both the CD95 and p55 tumor necrosis factor receptor signaling complexes in a FADD-dependent manner [37] and may be responsible for activation of the ICE-like proteases [38] . Retinoic acid receptors (RARs) are members of the steroid/ thyroid hormone receptor superfamily. RARs serve as ligandactivated transcription factors [39] . RARs are found in all tissues but predominantly in the developing fetus, dividing tumor cells and adult skin [40] . Retinoic acid (RA) exerts its effects by differentially regulating its own receptor gene expression, including RAR alpha, beta,and gamma [41] . RAR-gamma selectively binding retinoids are potent inhibitors of breast cancer cell proliferation alone and in combination with interferongamma (IFN-gamma) [42] . RAR-gamma plays a critical role in mediating growth suppression by RA in ovarian cancer cells [43] .
Reduced endogenous RAR gamma expression may contribute to the malignant phenotype of human NB [44] . RAR-gamma plays a critical role in a genetic switch between melanocytes and melanoma and induction of ligand-dependent apoptosis [45] . It is still not know if RAR plays a similar role in GC.
The DCC (deleted in colorectal cancer) gene was originally identified as a candidate tumour suppressor gene in colonic carcinogenesis on the basis of allelic losses in chromosome 18q.21 in 70 % of colon cancers. DCC appears likely to play a significant role in differentiation, cell fate determination, and migration in the nervous system and perhaps other tissues as well [46] . Absence of DCC expression however is not associated with colonic tumour progression [47, 48] . Neuroendocrine-Dlg (NE-Dlg, neuronal and endocrine dig) is a member of the discs-large-related (DLG) subfamily of the membrane-associated guanylate kinase-related proteins [49] . NEdlg is a human homolog of the Drosophila discs large (dig) tumor suppressor protein [50] . The NE-dlg appears to be critical for synaptogenesis, acting as a site-specific organizational center for integral membrane proteins and their downstream signaling molecules associated with the cytoskeleton [50] . NEDlg directly interacts with the colorectal tumor suppressor gene adenomatous polyposis coli (APC), suggesting that it may play a role in regulating cell proliferation in epithelial cells [50] . In conclusion, our study demonstrates that cDNA array is a powerful tool to explore gene expression profiles in cancer. The genes described in this study should therefore be a valuable resource for basic research, into molecular mechanism of carcinogenesis and the progression and prognosis of tumors. In addition, the clinical application of this work, may include the development of new diagnostic markers and the identification of novel therapeutic strategies for GC.
